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r/f20pS^7>y KM l 6 lcffiv> '■■efi-etu ^10pS^7.7'K 

KM l 4 ic^Ti*^ U T&^L-tS^^^tc/h^ < £ ? &M<frV 
.fc-tfT&tltfJ:^,, 
[0 0 6 8] 

m 1 0pS^7 KM 1 4 (Djp:$^f6l<Z)^lCfcfeoTZ n7»#n£*l 
3i&M&&<, Hi ©pM^y KMl 4CDT3IUC&Z n& K-n^^U ±3P • 
tc&Mg £ K-fc^^irs^fC^LT^ckv^ e> fC bT t>, ^1©p 

M?^y KM 1 4 ©±gPT{i«M^Mt-^^> T3IHC^T&;m$?stf)Jftifc£fflJ 

[0 0 6 9] 

mi(DmmMniZ&^T. nilfel 1{C$;IT, pSGaAs^^ 
£»S£^T&J:V^ 
[0 0 7 0] 

^10»lt(iAlGa I nP^f)fe5#^Ii:^^t, nS 
SSI 1 H^m^-t^fc^lZ I nCDmj&.ZffiO. 5hlTl^^ I n^lfl^ 
#0. 4 5J^_tO. 5 5J^T©^HlC&;fttf A 1 G a I n Pfr£&£#¥##M 

[0 0 7 1 ] 

3£l(D«$ig:/ny^Ml 8©^M^ICA1 I nPCiiTGaAs £ 
[0 0 7 2] 
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m&mi3\z. #it?#pii 3 azm^zmmzmztur. Gai 

[0 0 7 3] 
[0 0 7 4] 

H4 (a)' , H4 (b) , H5- (a) Jktfm 5 (b) «, £ 1 <Z>£jft&ffiICffi 

H4 (a) , 04 (b) , 05 (a) &tf0 5 (b) ICfcVMT, Bf 1 fcp|— 
^gPMtthl^-©^#£tft-3^Cj; yaw 
[0 0 7.5] 

*"f, 04 (a) JC^i"J;e){C, nllil 1 (D±iC, ixtffi^I^ffi^ 
^ (MOC VDrMetal Organic Chemical Vapor Deposition) ?£&CJ:U, nM? 
7 v K* 1 2 m&M 13, $1©pS^5*;KI14, i7f>^h^i 
1 5, i20pl^7;y FJf?g/*JIl 6 A, hAHgJ&Jll 7 AS. 

tfGaAs*vf>S:5*^y^l3Uie^t5. Z13T% ^'y^i3 1iC 

i y, h u v ??7 4 i:mfc®ft-?2>$.T'<Dmzm 1 ©=i># ? 

f£Jf 1 7 A :©*®#IMfc $ tl« 3 H £ R£lhT' £ * , 
[0 0 7 6] 

MOCVDmiZ&Z&^mfcB&M&JLmiS^T. III Ifb^ft<Z)I^il LT 
, hUx^;i/^*U7A (TEG) , hy^f;i/7;i/'^-7iA (TMA) hU 
^f;W>^'9A (TMI) , Vl{t^©IfUlt^^7 0 (PH 3 ) ^ 

31*^5) ft SJKlS^Kl^A-tS. fiJS*WJE*««*& 1 . 0X10 4 Pa Oft 7 6 T 
o r r) , SMIA^7 5 0 TCO&fpTICfc^T, MtSlf4I^M©^ 

^ftS©^^^^ pI^!Wl(Sfi:lT, m«^^fM^B (Zn ( 
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CH 3 ) 2 ) Xlt^Xi/?U'<y*i?^-)l'vy*i/V2* ( (C 5 H 5 ) 2 Mg) £ 
IAt5 3 £ (C J: U , 3il0p §?*M^ 5: Vi* Z> 0 
[0 0 7 7] 

&fC, 04 (b) {C^-TcfcolC, ^rt7^l3 Ux7f>miLm C 
VD^iCJ; »JI1 hl^H 7 A<Z)±lCV** A 0 #->^j&;Btf>^ 

[0 0 7 8] 

#CfC 05 (a) JCjafrtJ^JC, V* * A# - > 3 2 vxfcxy ^ > ^IC £ 
y, $l©a>^^ hJS^Ml 7 A&tfjg2<Z)p£!*9y KJfJg/*Sl 6 AS: 

^^2©pS^7«y KM 1 6©±ffiSr^e>^l hJi 1 7 S:^t5„ 

[0 0 7.9] 

m^V^yyi*. Gal n PtC^f-TS A 1 G a I n P©i«yf 
VM9f>{r»i:bT, Mx.lM^©x^^>yM5:Mv^§r.h{c J: y, TJS 

*2fflpi!^5y KJfi 6 &y y ^tc^^SZii:^T*^5 0 
[0 0 8 0] 

@5 (b) {C^^lC, MOCVDSSslCj: y, X^f>^h>^l 
l 5©±ic, i2®p|^7yKli 6M103>^^>|1 7<Z){U®i:v 
**r?#->3 2©_hM^S:-g-tfJ:e>{c, H 1 <J>Wfc*7u v l S]8lX*&2.<D 
i^n«^li 9 &JR9(|gAAA0&^ v*?7\°#->3 2ic*f-rsu 7 h 

3 2tf)±fl!mP#£v;^A°#-> 3 2 £|Wl[$iC|&£LTtf§ 1 

=r># ? His 1 7 £^ffi-r&„ 
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<§) 

a 

[0 0 8 1] 

-e©«, MOCVD^a»J, ^103>^^h^l 7MI2©S^D>> 
1 9±lC&2<0=i:/** M2 0 feMAML&ft. «Atf**liai*iSic 
nSIfl l©Tl}CiMfniibtnIii2 1 1Mb, |W[^{C 
H2tf)=i>#*hJi2 0(D±{i{C^M#^«:^»LT p$[«*§2 2 StEMS"**. 
r*WCJ:»K Hl^^«l©ll«m«©4yi»#l/--ifS6«*«Sft!a'r*. 
[0 0 8 2] 

. ^l©^^lC^S^^l/-1f^«©|S)t^<Z)#^l±.' Il©p^7 
• KJfl 4©fi^$2©pl^7'; KM 1" 6 <Z)£ffi^ «fc y < fcS «fc ^. 

KitZ n &MJL&#e>?TV\ ^2fflpl^7-y KM 1 6«Hi;ij:Mg&j8 

[0 0 8 3] 

E tMolecular Beam Epitaxy) SS&M V^T % J: V^. 
[0 0 8 4] 

[0 0 8 5] 

<n¥mtk\s--$mw.tm-<Dm&T°iib i <) . n©pi^7>yKM.i 4 jess*-** 

0pS^77 KM 1 4 £|&<#¥##Jf © K-/\°> h&tfK-fcf>^ 
[0 0 8 6] 

^ 1 1 b-f iitit Il©pi!i?7»;Ki 
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4lCfc^T, Z n ilM g il^tfe pS^©iI^ 1X10 18 c m" 3 t*fe 

fc©S&-&Jt#l : 1 OfCMJ^tlT^So 
[0 0 8 7] 

. J£AT. MgtZni: §I^LTttf§3 £ #¥£#»©«tfWC 
JCOV>TBI2 &MVNT^^-r-5 0 H2fc£V*Tj&llT*ja* , *-J:3»C, AlGaln 

p^©ff»:MgiiZrii:tfi : i©tR^ifc^»anattTv*5«£> ^'Jr 

[0 0 8 8] 

tlS. y, A 1 G a I n P^e>&5¥#tt&C P. htLTZntMg 

AS. tot, f 10pI^77 KM 1 4 ©igjft^ti, X 1 0 18 cm 

[0 0 8 9] 

££>fC, MgilZ litZmi X 1 0 18 cm" 3 i:^e)lV«t^l©pS^7 
y KJS 1 4 IcaUn-TSifcK: J: y, *l(!!)pa^7.»;KI14 CDftTOilCjfr^S 

Mil 3 {C&AcStifcH^f-^H 1 © pSi' "5 v FJS 
i 4 ic^-A-^n-'t ^z.iL^n^mz.mx^^> a rrt v Zn®gli« 

5xi o" 7 cm" 3 t'i)Sfc»jSttii 3^<D*m<fo<Dmmzmffl2nT&v. n 

©pl*59 KJSl 4(CK-t^:>^g£3ll(A|£M^ci:^*£< LTfe, 

fSttMi 3^c^£t^:■t■s^M%(7)*^is^:^if^i*IIL^v^ 0 

[0 0 9 0] 
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£ =fc?SttS 1 3 0>«^lC*fi-5«&|^g£SI 1 <Z)HJ6^<fe U < t6 

[0 0 9 1 ] 

iOi-SMg^ZnfcCDig^ifctel : 1 fCPI^^xT, Z n ©JfcspStf *g V*«-£«'jft 

o o «fc y B?«§!tc»inT?^ -5 © x-m*<D* - A - 7 n - zwtffllr z> flbZkttm < & 

[0 0 9 2] 

£ fc, MgtZnt Sr^te^fc P 5 X 1 0 17 c m" 3 ^±S.O 

5X1 0 18 c m"%T©lgBt^5r ttfftt LV> 0 MgfcZ n £ p 

=&S^<D;fr-A*-7n-&#Jf|[f S^*^<*:S 0 5xio 18 cm" 3 R 
±k."?&£* Il0pi?7>y K»r4 3^&«ltt»l 3 tcp§?^M^^«L> 

[0 0 9 3] 

o 

[0 0 9 4] 

j^t, h i onm&mam 2 mmmizmz ^mft u - if isgico vnt ens 
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[0 0 9 5] ' 

tvn£ 0 m 6&c£^tE!i i:lHI-<z)^g[J^^^cov^r^i|BI-»^f#$:#i- 

[0 0 9 6] 

IM6 {C^f J:e>(C nSSIl l<D±{Cii; nS^-y KM 1 2, 
F^it&^t-S^ttJfl 3, ^ICOpM^^^ KM 1 4Mx-yf>^h^ 
Jfl 5^j!i?^^^^$4xTVNS 0 x>yf 5©±JC&, 

^(Z)j®gt5^^$tlfeMj?^0. 3 /tmO nSA l^I n Q ^Pfrib&& 
«^^n^^Jf4 It, MSSfE^a >y *jf4 1 <D±Km3*mi!bZ> £?iZ*<DT 
h 7 -f ^ICM$ tlfeli?*^ 2 /t p S A 1 0<35 G;a 0 _ 15 I n Q ^ 
P ^?>^5f 2© pS^7'V KJS4 2 £#^J$£;fiT V^„ £ fc, ^2©pS 
KM 4 2tf)±{Cte, I^J?^5 0nmOpiGa 0 5 I n 05 P^£>&£il 
1 (Day*? M4 3&tf3g2tf)a>#? M2 0 tfM?kmMZnTt5 V. nl 
««l 1 0)TMfcl*nmmM2 1 tf^J&^tl, ^2®a>^^ hjf2 0<D±miz 
2#7£/&£*lTV^ 0 
[0 0 9 7] 

^l©^^®(D^2^MlC#S^##:U--b i ^a{i, KMCDPWC 
^^L/-ifig«i:LT^$tlT'i3U, nf!|«^2 l ilp«i2 2 H(Dm\Z 

[0 0 9 8] 

r z\ t% ^i (Dnmmmx* \tm 2 <d p ? ^ ^ km 1 6 # y * tc^-r a 
m 2 ©wjf &i*n?is* h ^ y^(Z)^^i2&#Jt t -r s r t £ y , i2® P s 



2 3 
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V^V KM4 2<Dmm**£<?&Z.t.tfX'g2> a rfttC J: U, 1 3 

2<Dziy#? hM2 o h<Dm<D&M*±^<irz>z.£i$T*ZZ>t-&>. ?£'I£M i 3 

flX £ ft -5 t £ iz & 2> W.&mik £ (S^1- S Zl £ tfi 2> . 
[0 0 9 9] 

5 y KM 1 4 IC 5 X 1 0 17 c m~ 3 (D Z n ##flHS ft, f20pS^7. 

V KM 4 2 iZ 1 X 1 O^cm'^Mg^ttSnt^Sfci!), ^1© 

pa^f km 1 4.<Dm,ifLmz*g< LTz<Dft®zmmirzz.}nz&^xft£. 

[0 10 0] 

fc&/tll 0>pM*^y KM. 1 4 CD K-/\'> h ilLTZ n <D&Zm^2>M&lz 

m^n-r. zntM.gtzm&Lxm^xb^^ «i©pa^59 kh 4tc 

Z n tMg fcSrSSint-sr £IC J: »J, H 1 CD pi^5*; KM 1 4iCflfVA^sp$:; ■ 
[0101] 

ut. m2(Dmmmmiz^^^mi^u-^mmiz^^xmm^mv^t>^m 

[0102] 
[0103] 

0 7 tc^f J: e>(C, MS#*&1 0 0 #m©naGaAs^P>)5!Snlifi5 1 
<D±lZ\t* m%ifi1fo2. 5#m©naAl 0i5 Ga 0 ^ 5 As^4SnIi'5*;K. "' 
152, #«*^-#^#31S:*'r«B«ttJB5 3, RfftfttO. 1 m(D p §»A 1 
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0 .5 Ga 0.5 A s *^^^l©pi^7 7 KM 5 4, mmtfitbl O'nmCpSA 
l 0 .2 Ga 0.8 A s N 5&&VU*tfi1&l #m®pS 

Al 0i5 Ga 0t5 AsA>&fty, U y S*R»C?g/fcSft;fc#2© p3!*9y KM 5 6 
#JIHfc*»J**S*iTV*S. «20pl^5*; KM 5 6 <DWm±*i£&x-y?-> 
h y^M 5 5 0±tCtt, MiP^O. 7/nnfflnlAl 0(6 Ga 0i4 AsA>f, 

^5inyn-^l5 7#jg#a*iTfc»j, K««^ny^jf'5 7^2© P 

KM 5 6 ©±KlttffS««JKr3 Mm(DpMG a A s hM 
5 8#J£j&2*iT^£o 
[0104] 

nISi5'l ©TfllJCtts iWAtfA Ge MN i 

5 8 v vmm-tz Piti6 otfmf&znz^z. 

[0 10 5] 

?S'l4M5 3te, 7 > F - G a A s 3 n m®#F 

MRtfTy K-y©AlpgGa fli7 A s fr&fc-SB&JStfifo 8 n mOiil^I 
Kl«Ujf 3ftfc£>mjfry-#^» 53ail, 1*&mtt#FM 5 3a £±T&C&tf A 
l 0i3 G.a 0i7 A s fr&fc 2 0 nmffl)!^ KM 5 3 b £ &C 4: o T «f f& 

[0106] 

*2©sj(5*m«l©4 s #*'W— !f«*JCfeVxT?Stt»5 3ii7 8 0,nm©M^tC 

[0 10 7] 
[0 1 0 8] 
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3 n m 



GaAs 



Zn 



2X10 19 



0. 7jLtm 



Alo.6Gao. 4As 



Si 



1X10 18 



1 ix m 



Alo. sGao. sAs 



Zn 



2 X 10 18 



lOnm 



Alo. 2Gao. sAs 



Zn 



1X10 18 



0. 1 ju m 



Alo. sGao. sAs 



1X10 18 



mam 

■maim 



#H3nm 

8nm 
£-Jl20nm 



GaAs 
Alo. 3Gao. 7As 
Alo. 3Gao. 7As 



1X10 18 
1X10 18 



2. 5 ix m 
100 /zo 



Alo. sGao. sAs 
GaAs 



Si 
Si 



[0109]" 

9^15 5, f2©pl^7«y KM 5 6&tf3>#? hjf5 8 1C&M& (Z n) 
&fflV>TV^o fKbpSi'^y Kl5 4©K-bf>^Iii»l X 1 0 

18 cm" 3 t^'J, f 2©p|J^7>y'FI5 6 0 K- \£. V IfmmiZM 2 x 1 0 18 g 
m" 3 T^5. -nS© K-A°> Mc 1 X 1 0 18 <Z>2/U n> (S i 

) fcJS^T^S. 
[0110] 

n2<Dmmmm<D&®i£Lx. ii©pi^5«y kjs 5 4 k-;o 

h (ilO^MW fcLT«3S&«W 2 <Z) pl^ =y y KM 5 6 {CgsitJ^* K 
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KJf 5 4O^W20pIi'7 7 KJ15 6<Z)S^J: U < &3 

U — !f mm tf> E^ll^m £^*£i*£::£&<Sglc7>pgs!*^yKJS54&C 

£tf zm%fa<Dm$hmmzi&ffi-t2>z. tti^mt^^. ztaz. AiGaAsi 

[0 111] 

tot, i (Dmmmmtmmz., mioprnt^y Fm5AizmKznz>* 

*l££&{C, I2©pS^77KI5 6[C2X1 o 18 cm" 3 £:v^l^iag{c85 
[0 112] 

A 1 G a A s^(Z>¥##-e&, pM^IWCMg fcffl^Sil, MgM 
^XliMgM^^^^^ltb^^C^^^fCMg^^D^tl^^^U^^ 

[0113] 

H2(7)|IM^lCfeVNT, fg.l 0pl^7>y KJS5 4 ic«j£n,3 P§? 
TZ n fcti/Bv^^J: W r <D i: e> ic-T£ 31 1 © p §2?^ y KM 5 4 tf)igm 

^ £ *a*f ift ^ < l * # ^ -e <d ^mrnmm * m < t- £ r t # v% s » , 

[Oil 4] 

H2c7)H^^tcfev^T, ft2<z>pg*9y KM 5 6 £H l ©pl^7 
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* /*U *«£^n^^JB©*apS:a«)« i^fc*20pS^7-y KM 5 6 £-£©T 
[0 115] 

[Hffi0>«¥fc3i«j- 
CHi] . 

[02] 
[03] 

K— tT>y»j£i:^r^ U 7^1&S£<Z>li8#£^U A 1 Ga I nP^&feS^* 
[04] 

(a) &xf (b) te*mw<vm i <DmmmnK&z¥mfc\s-vmm<nm&^ 

[05] 

(a) RZ* (b) tt*«W©*l©**^»K:««^»^l/-'9 l «*©»3S* 
& & ^ "T X^Hi© ira «^0 T*& -5 . 
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■'[0 6] 

[07] . 
[08] 

[f^OS&BJ!] 
1 1 'nSi« 

1 2 nl^7<yKI 

13 m®LM 

13a 

13b ft#-f KJg . ■ 

14 I10.pi^7^KI (^l©^7>yKI) 

15 x^f >^ K^^I 

16 |g2C0pS!^^^ KM (H 2 CD ^ ^ y KJS) 
16A H2© P i^7>y KM0^jf 

17 Hi 60=i>^^ hjf 
17A Hi CD 3 > # # |> 

1 8 mi (Dmm^uv vm 

19 H2C0«^^n^y^M 

20 12 <Dny& >; KJi . . 

2 1 n{ftj«}i 

2 2 p 

3 1 *rVvzfm 

3 2 

4 1 □ V 

4 2 H 2 co p ?g ^ ^ y KM 
43 ^lcon>^^hM 
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5 1 nS«i 

5 2 nl^7 9KI 

5 3 

5 3a #S*^-#Fif 

53 b ftjtMK/S 

5 4 ^l©pS^7^Ki 
5 5 >^h^yf 

5 6 ^2©pS^77FM 

5 7 mSE^ny^JS 

5 8 n > 9 V VM . 

5 9 nfli 

6 0 p f«i 
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mm*] mm 
mi] 




i 
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[02] 




2 
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3 
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#2 0 0 2-2.7 3 0 1 5 



[04] 





4 
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[05] 





5 ffi|E#2 0 0 3 - 3 0 2 6 8 9 7 
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7 
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[0 8] 




8 
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mm) \ 

plA.l Gain P^P>45f 1CDpS^77 KM 1 4&tf U y »piA 1 
G a InPA^^Sl20pS^77Ff 1 6 #Jl7£?£f&3 *lT V^ B ^l©p 
M#^v KJS 1 4 {CfiMg*^JDS4iE.o^2©pS^9y KJS 1 6 n# 

»ana-*i*cii:K:i y, m © p m^^^ km i 4 os»i2©ps^77 



1 
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ffi m a m m m m 

[0 0 0 0 0 5 8 2 1) 
1. &M*nR 19 90^ 8H28H 

& m ■ *R«W3ic*^ra* i o o 6#% 



i 
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